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Abstract — Physical, social and psychological wellbeing is one of 
the most critical issues among older adults’ population.  Several 
Internet of things (IoT)-based systems have been developed, in the 
last 8 years, for improving older adults’ wellbeing and support an 
autonomous and healthy lifestyle. This paper presents the results 
of a systematic review, aimed to understand how IoT and IoT-
based systems have been designed and used, for the past 8 years, 
for improving the wellbeing of older adults. A total of 173 studies2, 
published between 2010 to 2018, were selected for review. Results 
show that the selected studies are mainly related to healthcare and 
social networking applications, and involve sensors, cloud 
computing, fog computing and advanced communication 
networks. 
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I. INTRODUCTION 
In western societies, older adults’ population is becoming 
isolated, due to smaller social circles and to physical and 
psychological health issues [1].  
Typically, as age increases, the need for support and medical 
assistance also increases. Nowadays, technology developments 
brought revolutionary digital applications and platforms, which 
facilitate access to physical and psychological healthcare, 
aimed, in particular, at older adults’ population. 
Internet of Things (IoT), for example, has the potential to 
play a very significant role in designing an appropriate 
healthcare system for dependent elderly people [2].  
IoT is shifting traditional healthcare paradigm from a doctor-
centred environment to a patient’s centric healthcare 
environment [1], because the characteristics of IoT applications 
are making it possible to provide older adults’ remote 
monitoring, both from short and long distances. Furthermore, 
IoT components have the ability to cooperate with new digital 
technologies and networking facilities that enhance the IoT 
effectiveness and efficiency in social networking [3]. 
The IoT technology is an affordable solution, with less 
power consumption and easy to operate IoT applications [4]. 
However, the fact that social interactions change according to 
age, mental and physical health condition, must be considered 
while designing, developing and commercializing IoT-based 
healthcare applications, especially when older adults are a 
targeted group [5].  
Although several IoT-based healthcare technologies and 
applications are being developed for supporting older adults’ 
wellbeing, their usage rate by older adults is very low, due to 
low levels of Information and Communication Technologies 
(ICT) literacy and the conservative perception of older adults 
about ICT [6,7].  
In this way, it seems crucial to understand how IoT-based 
systems can be designed, in order to improve older adults’ 
physical, psychological and social wellbeing and so that they can 
be easily used by this target audience, considering their 
specificities.  
Therefore, an extensive systematic review, from 2010 to 
2018, was conducted, searching for IoT-based systems and 
studies, which had older adults as the target audience, thus 
highlighting their issues and specificities, and approaching the 
novel solutions that are contributing to, and promoting, older 
adults’ physical, psychological and social wellbeing.  
II. BACKGROUND 
In the last few decades, the population of the developed and 
developing countries are getting older, due to the increase in life 
quality and medical facilities. In fact, it is expected that 50% of 
the European population will be 60 or older by 2040 [8].  
Life expectance increasement raises various political, 
societal, economic and health challenges, at psychological, 
physical and social level [9,10]. As age increases, people 
become potentially more fragile, since society associates age 
with physical and psychological impairment [11]. Some factors 
increase the intensity of fragilities, such as depression, chronic 
diseases, loneliness, and a smaller social circle [12,13].  
If there is no way for older adults to overcome their health 
challenges, the likelihood of physical and psychological 
consequences increases [14]. The fact is that many countries’ 
government, the private sector, and institutes are neglecting 
older adults’ issues and there is no serious visible effort to 
address and resolve older adults’ issues [14].  
Portugal is one of the countries where population ageing is a 
major societal challenge. The Portuguese population is 
declining, since birthrate has been lower than the death rate [4]. 
According to the Portuguese National Institute of Statistics [15], 
29.1% of the Portuguese population is 60 or older, 3.7% of 
which is living in villages, with loneliness and social isolation. 
In fact, many older adults live alone, since their children and 
grandchildren migrated to the big cities, in search of jobs, 
education, and a better quality of life.   
 In general, social isolation and age factor leads to 
psychological and physical health issues, such as depression, 
anxiety and even heart attacks. Actually, loneliness and social 
isolation have the same effects on health as smoking on the 
heart, increasing the blood pressure and weight that causes the 
heart attack [13].  
With the development of novel emerging technologies like 
IoT, people’s life has been improved. The IoT is an innovative 
and growing concept, in which everyday objects are digitally 
augmented and linked with computers, mobiles, vehicles and 
other objects [5,16].  
Due to connectivity, IoT is helping to support older adults’ 
physical, psychological and social issues and needs, through 
remote monitoring healthcare applications, such as Zigbee 
wireless technologies, which are designed for fall detection [17]. 
Another IoT application is Active Assisted Living (AAL), which 
is capable of providing video camera surveillance, in order to 
monitor older adults’ indoor activities [18].  
Moreover, Body Sensors Network (BSN) is also a novel and 
emerging application in IoT technologies, intended for 
measuring and analyzing different functions of the human body, 
such as blood pressure, oxygen in the blood, heartbeat rate, and 
body temperature [19].  
In this way, seems possible to state that IoT has an important 
contribution in the promotion of older adults’ physical 
wellbeing, in increasing the social interactions and expanding 
social circles, motivating them to participate in the social events. 
The systematic review hereby described aimed to identify how 
these contributions have been happening.  
III. METHODS 
A. Research question 
The current systematic literature review seeks an answer to 
the following question: 
How IoT and IoT-based systems have been designed and 
used, for the past 8 years, for improving the physical 
psychological and/or social wellbeing of older adults? 
B. Goals of the review 
a) Identify and characterize the most significant research 
on the role of IoT in supporting and promoting the social, 
physical and/or psychological wellbeing of the elderly, 
undertaken in the last 8 years; 
b) Identify the main technological and design features 
that proved to be effective in improving either social, physical 
and/or psychological wellbeing of the elderly. 
C. Search strategies and procedures 
The search was carried out in the Scopus database, using 
three different search queries. The main reason behind the 
strategy of using three instead of just one query was the way 
Scopus works. Often, the Scopus database does not return 
appropriate results in response to long queries or returns an error 
as a result of the use of long lists of keywords and sub-keywords.   
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D. Inclusion and exclusion criteria  
The documents selected for the systematic review 
cumulatively met the following inclusion criteria:  
a) Have been published between 2010 and 2018; 
b) Address IoT from the perspective of older adults’ 
wellbeing; 
c) Consider as target population people aged 60 years old 
or more; 
d) Sufficiently describe the design or usage of IoT 
solutions or IoT-based systems developed to promote older 
adults’ wellbeing; 
e) Present a sound methodological approach; 
f) Sufficiently describe results, highlighting the 
importance of the system for older adults’ wellbeing, either at 
physical, psychological or social levels. 
Were excluded from the review all the documents that did 
meet the inclusion criteria. 
E. Data extraction and analysis 
The inclusion and exclusion criteria were applied by the 
researcher, based on the reading of the titles and abstracts of the 
papers. Only when the titles and abstracts did not allow an 
unambiguous evaluation, the papers were fully read. In cases of 
doubt, the opinion of a second investigator was requested. 
In order to synthesize the data to be extracted from the 
selected papers (after applying the inclusion and exclusion 
criteria), an e-form was designed, which was prepared to 
compile the information related with the main categories of the 
analysis, namely: theoretical argumentation, targeted 
population, methodological approaches, functionalities of the 
IoT-based systems and final outcomes of the studies.  
Considering the heterogeneity of the selected studies, 
namely regarding methodological approaches and results, the 
use of statistic synthesis to analyze and present the results was 
not possible. Instead, the narrative synthesis was used, tabulating 
the results for their successive synthesis.  
In this way, and through this method, a synopsis and a high-
level comparison of selected studies and their characteristics was 
made, allowing us to understand the contribution of each study 
to the global synthesis and thus provide an answer to the 
question that underlies this review, unveiling the features of IoT-
based systems that have been developed for improving the 
physical, psychological and/or social wellbeing of older adults. 
IV. RESULTS 
The three search queries1 used on Scopus resulted in a list of 
283 publications, from which 1732 publications have been 
included in the review and the remaining 106 excluded, due to 
not fulfilling inclusion criteria.  
From the set of publications included in the review, 692 describe 
studies on IoT and the physical wellbeing of older adults, 
involving, in particular, real-time monitoring, fall detection, 
physical data monitoring, and stroke detection. The remaining 
 1042 publications addressed IoT and the psychological and 
social wellbeing of the older adults. 
A. Geographical origin of the reviewed studies 
The reviewed studies were conducted in 42 countries, but 
most of the studies come from India (n=19) and China (n=10), 
as shown in Figure 1. 
  
Figure 1.  List of countries. 
B. Different Methodological approaches used in reviewed 
studies 
As showed in Figure 2, the reviewed studies used different 
methodological approaches to address the improvement of older 
adult’s wellbeing through IoT. However, most of the studies 
were based on qualitative methods. 
 
Figure 2.  Methodological Approachs.  
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This research was carried out within the scope of LOCUS project. LOCUS is 
co-funded by FCT - Foundation for Science and Technology, through national 
C. Main technologies of the reviewed systems 
In 109 of the selected studies 2 , prototype platforms for 
monitoring older adults were described. These prototype 
platforms are connected with smart devices, sensors (fall 
detection), web-based applications, (social, video conferencing, 
chat rooms, email, and search), and camera for video 
surveillance and safety of the older adults.  
From the analyzed studies it was possible to identify a set of 
5 fundamental technologies, used in the development of IoT-
based systems to support older adults’ wellbeing, namely: 
1) Safety technologies: Seven of the reviewed studies focus 
on data privacy and secure authentication. In the field of older 
adults’ healthcare and monitoring, security and privacy are 
multifaceted issues [20], as demonstrated by the study 1112, 
which presents a survey on the security and services of IoT-
based applications and systems. Besides, data security is 
considered the most important privacy issue concerning IoT-
based healthcare systems, as showed by study 10712. In fact, 
the reviewed studies propose very interesting solutions at this 
level. Study 442, for example, describes a security and 
authentication scheme, called “naked environment”, which 
recognizes older adult identity and data, through automatic 
biometric authentication. Study 9412, on its turn, proposes an 
IoT-based approach called “6LoWPAN AND RFID /NFC”, 
which has great strength and reliability in providing 
communication, physical monitoring, and control. RFID/NFC 
technologies provide a secure platform for communication with 
IoT-based medical devices, based on SIM card verification, 
encoding and signing in, ensuring older adults’ privacy. 
Furthermore, study 1112  is concerned with how to secure the 
sensors data in users’ perspective, proposing “Named Data 
Networking”, whose basic function is to carry the digital 
information such as voice, video and digital text.  It also 
contains various nodes that are interlinked with numerous 
communication channels. Finally, study 4212  presents a very 
novel voice recognition scheme that helps doctors or caregivers 
to estimate the situation of older adults and patients, by 
observing their voices, mood, and background noise. 
2) Intelligent networks: In IoT-based healthcare systems, data 
collection is done through bio optic smart sensors, embedded in 
different intelligent devices and networks that gather real-time 
monitoring data from older adults. Those sensors can sense and 
monitor electroencephalograph (EEG), electrocardiogram 
(ECG), blood pressure, heart bit rate, glucose, virus and so on. 
Wireless Sensors Network (WSN) is a comprehensive tool for 
the intelligent network for IoT healthcare systems or platforms. 
The WSN technologies are equipped with IP addresses, making 
them capable of providing a solution for smart objects and IoT-
based devices. Unequivocally identified by an IP address, any 
sensor-augmented object, computers, RFID tags, smart devices 
or phones, are able to actively connect with networks and 
funds, and by the European Regional Development Fund, framed in the 
Operational Programme for Competitiveness and Internationalisation - 
COMPETE 2020, under the new partnership agreement PT2020. 
 
 efficiently collaborate to complete different tasks. The data or 
information collected from intelligent networks is stored in the 
cloud, giving rise to the concept of “Cloud Computing”. So, 
through cloud computing, it is possible to manage the data and 
distribute it remotely. In all the 173 studies2 reviewed, smart 
sensors and intelligent networks were used to improve the 
productivity of the proposed healthcare systems.  
3) Could computing: In addition to ensuring the safety of 
older adults’ physical data, IoT can provide a virtual storing 
platform, called cloud computing, throught which authorized 
personnel, such as doctors, caregivers and relatives, can access 
older adults’ physical and medical data. As stated before, cloud 
computing is a very comprehensive and vital technology, that 
is capable of storing data in data centres and via hosted servers, 
interconnected with each other via internet services.  Cloud 
computing is playing a very vital role in healthcare systems, 
since, through Cloud-IoT, it is possible to provide sensing 
services in the context of sensor data accessibility and usage. In 
our research results, studies 42 and 46 are specifically based on 
cloud computing technologies. These two studies propose 
Health monitoring system sensors (HM-SS) oriented sensing 
services scenarios, demonstrating that cloud computing 
services improve data quality and accessibility and that, through 
cloud computing, it is now possible to keep an eye on older 
adults’ health and access their physical and medical data, 
providing them with relevant aid related to their physical, 
psychological and social wellbeing.   
4) Big Data: In this systematic review, three studies (7, 28, 
and 62)2 focus on the concept of Big Data. Big Data performs 
by using machine learning tool, which is based on the science 
of developing computers to perform tasks without being 
explicitly programmed. In fact, the machine learning tool is the 
technology behind, for example, intelligent cars and voice 
recognition and it works by enhancing performance standard 
using data or previous experience [21]. After the emergence of 
cloud computing technology into IoT technology, there was the 
need of a tool to efficiently and quickly manage huge amounts 
of data, coming from different IoT-based health monitoring 
services or platforms and big data come as a solution.  
5) Fog computing: Two of the reviewed studies (5,128)2 
were based on fog computing concept. Fog computing is an 
architectural approach that increases the radius of cloud and big 
data computing by using edge devices, which are responsible 
for carrying out a substantial amount of computational tasks 
that were before executed by servers in a data-centre, thus 
reducing systems’ response time. Within the scope of 
healthcare IoT-based systems for older adults, it is very 
important to respond to an emergency basis especially in a 
critical situation. In this way, fog computing can support the 
improvement of older adults’ physical wellbeing, enabling IoT-
based healthcare and monitoring in real time. 
D. Main technological paradigms for improving older adults’ 
wellbeing 
The Active Assisted Living (AAL) is a novel and emerging 
multi-faceted area at the interlink between communication and 
information medical research, technologies and sociological 
science, which allows setting up a personal healthcare system. 
The AAL platforms are the infrastructure of computers that is 
contained on software and hardware. The computing 
architecture allows to program applications and manages their 
activities. According to the comprehensive definition by Ducatel 
et al. [22], AAL is “A vision of people surrounded by intelligent 
intuitive interface that are embedded in all kinds of objects and 
environment that is capable of recognizing and responds to the 
presence of different individuals in an invisible way”. The 
analyzed AAL studies (46, 59, 77, 85, 93 and 1122) are based on 
an architecture that is capable of integrating high quality 
healthcare, medical and comfort facilities, to gain the 
interoperability, usability and considering older adults’ 
capacities to handle situations.   
The AAL concept promises better life quality environments 
for the older adults and for people with chronic diseases, social 
isolation and in illness retrieval status by designing and 
developing innovative technologies and services. AAL provides 
more security, care, and interaction that helps to improve the 
physical, psychological and social wellbeing of older adults.  
E. Different approaches identified in selected suites  
1) Information and Communication Technologies (ICT) 
systems: Selected studies2 ranging from 122 to 173 are based on 
ICT concept, from which a total of 12 studies2 (123,127,132, 
137, 138, 140,149,152, 160, 164,165 and 166) have ICT in their 
titles. These studies results demonstrate that ICT, computers 
and internet use, can promote the overcoming of social 
interaction problems between older adults [23].  Despite the 
numerous obstacles that hinder the use of technology by older 
adults, including less digital literacy, research has been showing 
that an increasing number of older adults are now exposed and 
using new technologies in their daily life activities [24]. ICT in 
general, but mainly the internet, social media and email, are 
offering older adults new ways to communicate with relatives, 
friends and with those who have a common interest, and are 
providing direct access to an extensive variety of information, 
data, and resources. 
2) Medical and Healthcare: AAL has been playing a very 
vital role in enhancing older adults’ medical and healthcare. 
Throught AAL, it is possible for non-medical staff to use 
devices which were, in the past, only available to medical staff 
and doctors.  Nowadays, due to AAL technology, it is possible 
for relatives, for example, to use medical devices for older 
adults’ health improvement and monitoring as, for instance, 
wearable devices and remote control monitory applications. In 
this review, eighteen studies (01, 05, 09, 11, 13, 25, 28, 30, 34, 
36, 42, 53, 81, 91, 92, 113) 2 are based on AAL for emergency 
response and as a fall detection solution, and two studies (17, 
32) 2 indicated that the AAL system provides video surveillance 
to older adults. Furthermore, AAL technologies provide support 
in monitoring older adults’ activities of daily living (ADL) (see 
study 15) 2, through producing reminders (see study 25) 2 and 
by allowing older adults to get connected with medical staff or 
caregivers.  
 V. DISCUSSION 
This systematic review aimed to address the potential of IoT 
for increasing the physical, psychological and social wellbeing 
of older adults and preventing the social isolation. The final 
outcomes of this systematic review provide qualitative and 
quantitative evidence of the positive role of IoT-based platforms 
in promoting older adults’ physical, psychological and social 
wellbeing. The systematic review provided an overview of the 
strategies, rules, and reliable practices. 
Almost all of the reviewed studies assessed the effect of IoT 
use on wellbeing, at physical, psychological and/or social (social 
support, social exclusion and social connectedness) levels. 
These results indicate that older adults’ physical wellbeing is a 
multifaceted concept. Although there are clear signs that IoT-
based systems have a direct effect on improving physical 
wellbeing, their impact on the perception of physical wellbeing 
by older adults remains partly unidentified. In this way, more 
research is needed in order to open new horizons that help to 
unlock the relationship between IoT and physical wellbeing 
improvement.  
This paper explores the various technologies, systems, and 
technological paradigms found in the undertaken systematic 
review and how these efforts can be extended towards emerging 
novel technologies for the IoT concept.  
Up to the present time, it seems that physical, psychological 
and social wellbeing are, in fact, the core areas that interest 
researchers on pervasive and ubiquitous technologies. In the 
healthcare domain, a wide range of hybrid healthcare scenarios 
already exist, based on an ecosystem of connected objects, 
which improve older adults’ physical conditions.  
These systems use IoT-based devices for monitoring 
physical activities, intended to, for example, fall detection (see 
studies2 17, 28, 36, 53 and 90), strokes prevention (see study2 
25) and detection of early symptoms (see studies2 80, 112 
and155). They also use Big Data and Could Computing to store 
and manage data (see studies2, 32, 43, 46 and 127), that doctors, 
family members and authorized people can access and take 
appropriate actions.   
Some of the selected studies have extensive components that 
help to promote the wellbeing by developing prototype smart 
homes (see studies2 18 and 69) that have video and video call 
surveillances (see studies2 17 and 32). Moreover, there are three 
studies (see studies2, 92 and 153) that provide home telehealth 
monitoring services.  
In the last eight years, many novel technologies emerged into 
the IoT concept, for example, Arduino (see study2 30), semantic 
(see studies2 31 and 98), fusion approach (see study2 50), Ubi: 
Liven (see study2 54), IReHMo (see study2 73), Ubi Held (see 
study2 90), and Neuro-Fuzzy (see study2 97). These technologies 
can increase the healthcare support services and enhance older 
adults’ wellbeing. 
The mix of IoT and ICT (see studies2 123, 127, 132, 137, 
138, 140, 149, 152, 160, 164, 165 and 166) seems to have the 
ability to improve the social and psychological wellbeing of 
older adults, by helping to reduce social isolation, to create new 
contacts or networks (see studies2 135, 138, 147, 152, 157 and 
173), to established social support and social connectedness 
effectively. In this context, IoT’s social networking seems 
capable to reduce the social isolation (see studies2 123, 134, 
137), loneliness, depression, anxiety and the intensity of these 
symptoms.  
Likewise, the IoT social environment (ICT-based) can 
engage older adults in social relations and communication, 
thereby improving the social and psychological wellbeing of 
older adults. 
VI. CONCLUSION 
In conclusion, this systematic review showed that, in the last 
8 years, more well-designed studies have been conducted on the 
effects of IoT technology on physical, psychological and social 
wellbeing of elderly people.   
In fact, this study demonstrates that IoT is a comprehensive 
and extensively promising tool for improving older adults’ 
wellbeing.  Moreover, the review’s results suggest that rapid 
development of ICT and Social Internet of Things (SIoT) can be 
helpful to promote older adults’ psychological, physical and 
social wellbeing.  
Also, the results of this systematic review can assist the 
conceptualization and development of advanced and effective 
IoT-based designs and technologies to promote the physical, 
psychological and social wellbeing of older adults. 
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